Outline of the proposed method
The proposed method is based on a representative scheme of a design problem as a bipartite graph from a set of design conditions to another set of specifications. This method is explained with a small hydraulic cylinder model shown below in Fig. 1 . Suppose that the design problems of this model consists of 6 design conditions and 10 specifications as correlated in Tab. 1. The designer is not necessarily requested to judge every design condition to be met, nor to satisfy every design condition by adjusting the values of involved specifications. It is expected to defer this kind of judgment or adjustment to experts, specialists, or existing analytical tools. This research focuses on how to represent decision making sequences with minimal difficulty If the design of a hydraulic cylinder with user-specified values (e.g. permissible stress, guaranteed number of strokes, inner pressure, and weight), the design problem could be represented as a bipartite graph based on the new set of 10 design conditions (6 old + 4 new) and the set of 10 specifications as shown in Fig. 2 . The strictest constraints in this design problem are conditions 7) through 10), because these conditions are dependent on only 1 specification. (Note that conditions other than the user-request can also be in general the most important.) Therefore values of specification 7), 9), 8) and 4) are the first to be assigned. Other than these conditions and specifications, there remains no condition dependent on only 1 specification. In this case the set of strictest constraints on the remaining conditions are selected so that: a) All the constraints within the set can be met only by iterative value adjustments of the relevant specifications. If the conditions and specifications were equations and variables that cannot be determined individually then, this set would represent a matrix that cannot be broken down. b) No condition within the set is dependent on conditions outside the set. Regarding the cylinder model the second most important set consists of conditions 2), 4), 5) and 6), and specifications 1), 2), 5), 6) and 10). After removing this set, the remaining part of the problem only consists of 2 arrows from condition 1) to specification 6), and from condition 3) to specification 3), respectively. Thus derived decision making sequence is diagrammatically shown in Fig. 3 . This procedure for decomposition and ordering of a bipartite graph is defined equivalently as "Dulmage-Mendelsohn Decomposition" (referred to hereafter as "DM decomposition")[Dulamge 62]. Note that priorities among decision making steps are in the opposite direction when processed by the 'as-defined' DM decomposition.
Application of the proposed method to FBR design

Validation by a simplified model of FBR 'MONJU'
Frequent concepts on possible design deviations are expected to be effective for carrying over accumulated engineering knowledge at 'MONJU'. A software program "Plant Planning Design System" is being written [Kasagawa 2002] , to derive entire design deviations based on assumed change of particular specifications. Currently this system includes equations and variations relevant to core neutron kinetics, balance of heat generation and coolant flow in the core, and heat balance of the heat transport systems (Tab. 2). The calculation algorithm was built by design experts who were involved with the original design of 'MONJU'. The prototype of the graph-theory based software was validated by taking the equations and variations of "Plant Planning Design System" as the design conditions and specifications, respectively and by confirming that the design problem is decomposed and arranged equivalently to the algorithm employed in "Plant Planning Design System", as shown in Fig. 4 . respectively. Rectangles with plural conditions/specifications mean simultaneous problems. Rectangles on the left periphery of Fig. 4 correspond to the given conditions or user input variables set in the "Plant Planning Design System". Values of specifications assigned in each rectangle are transferred by lines drawn from the rectangle to the immediate right, where subsequent decisions of specification values are progressed. Application of graph theory enables handling of design problems with a greater number of specifications than the number of design conditions.
Design procedure revisions by adding a new condition
New design conditions may appear in seeking for more rationalized plant concepts in order to securely avoid adverse phenomena with narrowed-down margins among specifications. If the designers keep following empirically proven decision making sequences even after this discovery, the specification assignment procedures tend to be inefficient and unreliable, because the new condition that avoids the adverse phenomenon is likely to be left unconsidered until the entire empirical design procedure is finished. If this finally considered condition is found not to be satisfied, the designers may find it difficult to determine where to restart the design process. The DM-decomposition is effective in this kind of situation. Suppose that a design team is coping with a device which used to be represented by a bipartite graph shown in Fig. 5 . The specification assigning sequence may be as shown in Fig. 6 .
If on completion of the design problem a further condition involving spec 2, 4&6 requires to be analised Fig 7. there is no requirement to repeat the complete iterative process. The DM decomposition can give a new design sequence as shown in Fig 8. This sequence is simpler to process as there are minimal steps of decisions to process. Some kind of non-quantitative specifications can be handled in the bipartite graph representation of design problems, as explained below. Generated heat in a nuclear power plant is transported from the reactor core by circulating coolant and transferred to the adjacent coolant circulation loop through a heat exchanger. There are two options for the location of the circulation pump which can either be located on the inlet side of the reactor vessel (termed a "cold leg pump") or on the outlet side of the reactor vessel (termed a "hot leg pump") as shown in Fig 9 . These figures show that options of a non-quantitative specification determine an inter-dependency of relevant quantitative specifications. The proposed graph-theory based method has a potential for handling non-quantitative specifications automatically alternating the structures. 
Representation of Non-quantitative specifications
Open Problems
The resulting compromises made in the resolution of conflicting design conditions or requirements, are in general mitigated by safety margins, (e.g., inner pressure is limited by the conservative assignment of permissible stress of the cylinder dimensions and material). Ideally, the probability of an adverse event (e.g., cylinder rupture) is diminished by properly assigning the proposed safety margin. Therefore, safety margin distribution in such situations is important in the design of largescale systems. Otherwise, sequenced adverse phenomena may result in an incident involving the entire system. To optimize the entire system reliability, the proposed method should be combined with the techniques for probabilistic safety assessment.
Conclusion
A graph-theory-based systematization method of design problems has been proposed aiming at carrying over obtained engineering knowledge in Prototype Fast Breeder Reactor 'MONJU'. This method focuses on deriving decision making sequence in assigning values on specifications, rather than pursuing accuracy in each judgment or evaluation. A prototype software has been verified by comparing the derived decision making sequences from a set of equations among major specification parameters of the 'MONJU' plant to an empirically built algorithm by human experts actually involved in designing 'MONJU'. This method has a potential in handling non-quantitative specifications by automatically switching inter-dependency structure among the relevant quantitative specifications. 
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